Newly discovered remains of highly advanced mammal-like reptiles (Cynodontia: Tritheledontidae) from the Early Jurassic of Nova Scotia, Canada, have revealed that aspects of the characteristic mammalian occlusal pattern are primitive. Mammals and tritheledontids share an homologous pattern of occlusion that is not seen in other cynodonts. The new tritheledontids represent the first definite record of this family from North America. The extreme similarity of North American and African tritheledontids supports the hypothesis that the global distribution ofterrestrial tetrapods was homogeneous in the Early Jurassic. This Early Jurassic cosmopolitanism represents the continuation of a trend toward increased global homogeneity among terrestrial tetrapod communities that began in the late Paleozoic.
C URRENT VIEWS OF THE PHYLOGENY and biogeography of early mammals have been hampered by a poor understanding of their sister group. Recently, the tritheledontid synapsids have been hypothesized to be the sister-group of mammals (1) . Relatively little material has been described, and consequently the early evolution of characteristic mammalian features remains poorly understood.
The family Tritheledontidae was initially proposed to include the genera Pachygenelus, Diarthrognathus, and Tritheledon, all from the Lower Jurassic upper Stormberg Group of South Africa (1, 2 inite record ofthis family from North America.
Tritheledontidae is considered the sistergroup of mammals on the basis of the following synapomorphies (1): (i) basicranium foreshortened anteroposteriorly; (ii) prismatic tooth enamel (7); (iii) buccal (external) cingulum on the upper postcanine teeth; (iv) absence of postorbital (and postorbital bar); (v) absence of postfrontal; and (vi) secondary pony palate that extends to the level ofthe posteriormost postcanine. Another synapomorphy with mammals is the presence of a jaw joint between the dentary and squamosal (8 (10) .
To date, excellently preserved fragments of two premaxillae, ten maxillae, and six dentaries have been discovered. The coronal configuration of the postcanine teeth and the structure of the dentary and maxilla of these specimens are indistinguishable from those of Pachygenelus monus from the upper Stormberg Group of southern Africa (11) , and hence the Nova Scotia material is here referred to Pachygenelus cf. P. monus. The excellent preservation ofthe dentition allows a detailed analysis of several important aspects of tritheledont dental anatomy, including tooth replacement, enamel structure, and occlusal patterns.
Pachygenelus cf. P. monus possesses patterns of tooth implantation and replacement similar to those of more generalized cynodonts such as Thrinaxodon (12) . Tooth replacement is alternating ( Fig. 1, A , B, and C). The dental lamina is housed in a small fossa that contains small pits for replacing teeth. The mode of tooth implantation is correlated with the pattern of tooth replacement. Older, well-worn postcanines are fused to the alveoli by a small ring of attachment bone. This feature is highly variable along the tooth row; newly replacing teeth are implanted in the alveoli without any bony attachment.
The molariform teeth of early mammals are distinguished by bifurcated roots that are oriented longitudinally in the jaw (13 (13) . Pachygenelus cf. P. monos provides the first evidence that several aspects of this pattern are primitive. A char-acteristic feature of undisputed Mesozoic mammals is unilateral occlusion. The lower jaw on the active side moves dorsomedially relative to the upper teeth during occlusion. This movement produces wear facets on the lingual face of the uppers and the buccal face of the lowers. In mammals this pattern of jaw movement produces complex and consistent multiple wear facets on the molars. In these taxa the teeth are progressively added from front to back and are not replaced. In contrast to other nonmammalian cynodonts, Pachygenelus cf. P. monus also possesses unilateral occlusion but lacks precise, matching wear facets. The matching facets on the teeth of Pachygenelus extend over the entire lingual surface of the upper postcanines and the buccal surface of the lower postcanines (Fig. 1A) . Occlusal wear facets are also present on the incisors and canines of Pachygenelus cf. P. monus (Fig. iF) . In Pachygenelus cf. P. monus the postcanine teeth are replaced alternately and this process appears to have continued throughout life. As new postcanines erupted, they contacted opposing teeth on the opposite jaw. This resulted in the less well-defined facets on the postcanines of Pachygenelus cf. P. monus. The other putative mammalian sistergroup, the Trityledontidae, have postcanine wear facets that lack buccal-lingual postcanine wear and do not suggest patterns of unilateral occlusion. Consequently, the tritylodontid and mammal-tritheledontid occlusal patterns cannot be homologized as a single character as has been suggested (15) .
In Pachygenelus cf. P. monus, there is a close coupling of enamel distribution on the teeth to patterns of occlusal wear: enamel that borders on the occluding surfaces is thin whereas enamel on nonoccluding surfaces is thick (as seen on the apical portion of the principal postcanine cusp). Once the thin enamel is worn away the apical edge of thick enamel is exposed. This feature provides a resistant cutting edge on the apical surface of the tooth.
Pachygenelus and Diarthrognathus are also characterized by a contact between the dentary and the squamosal that is lateral to the articular-quadrate joint. This new jaw articulation develops on the posterio-lateral aspect of the articular process of the dentary and is probably homologous to the welldeveloped condyle on the dentary of mammals.
Tritheledontidae can be distinguished from other nonmammalian cynodonts by the following dental features: (i) presence of only two upper and two lower incisors (1); (ii) transversely expanded upper postcanines (1, 8) ; (iii) longitudinally ovate postcanines with large anterior cusp followed by one or two posterior accessory cusps and a lingual 1064 cingulum; (iv) upper postcanines with a buccal cingulum; (v) postcanine teeth with incipiently divided, massive roots. From these features, the family Tritheledontidae is hypothesized to include the genera Diarthrognathus, Pachygenelus, and Tritheledon. The dentition of Tritheledon is poorly known but closely resembles that of Diarthrognathus in the buccolingual expansion of the upper postcanine teeth (1, 2, 11) . Therioherpeton does not possess any of the features above and cannot be considered to be a tritheledontid. The phylogenetic status of Chaliminia is uncertain because of the poor preservation of the only known specimen.
The newly discovered tritheledonts mainly support the cynodont phylogeny originally proposed by Hopson and Barghusen (1) . Dental characteristics such as the development of a buccal cingulum on the upper teeth, matching occlusal wear on the buccal surface of the lower postcanines and the lingual surface ofthe upper postcanines, and contact between the dentary and squamosal bones apparently evolved only once among cynodonts.
The occurrence of Pachygenelus cf. P. monus in Nova Scotia underscores a pattern of wide, in many cases virtually cosmopolitan, distribution of Early Jurassic taxa of terrestrial tetrapods. Other tetrapod taxa from the McCoy Brook Formation, particularly the sphenodontian lepidosaurs and the protosuchid crocodyliform archosaurs, reveal further close similarities among continental tetrapod assemblages of Early Jurassic age. The sphenodontian Clevosaurus is known from Upper Triassic fissure-fillings in England (16) , and closely related forms are known from the Forest Sandstone of Zimbabwe and the lower Lufeng Formation of Yunnan, China, both of which are Early Jurassic in age (17) . The protosuchid Protosuchus is known elsewhere from the Lower Jurassic Glen Canyon Group of the southwestem United States and the upper Stormberg Group of southern Africa (18) . The dinosaurian material from the McCoy Brook Formation recovered to date is fragmentary but it includes an anchisaurid prosauropod and teeth of an omithischian indistinguishable from Lesothosaurus from southern Africa. Both dinosaurian families appear to have a worldwide distribution during the Early Jurassic.
The homogeneity of tetrapod distributions during the Early Jurassic represents the continuation of a trend toward increased cosmopolitanism that began in the late Paleozoic (19) . Similar cosmopolitan distributions are also seen in Early Jurassic terrestrial floral assemblages that are dominated by cheirolepidaceous conifers (10) . This trend in terrestrial biotic cosmopolitanism is broadly contemporaneous with the initial stages of the breakup of Pangaea. These M I0. were conducted in the same 1-ha field and with the same methods previously described for other halophytes (6) . Trials from 1984 to 1988 were conducted in a 0.5-ha field nearby. Both fields had sandy soils typical of light agricultural soils in the region and were divided into individually irrigated, 200 m2 flood plots. At both sites irrigation water with a salinity range of 38 to 42 per mil was supplied daily from seawater wells. In field 1, seawater that passed through a shrimp aquaculture facility, which added nitrogen and other nutrients to the water, was used, and no supplemental fertilizer was needed. Field 2 was irrigated with unenriched seawater, and plots received fertilizer additions equivalent to 200 kg of N per hectare or more, as urea, diammonium phosphate, or ammonium nitrate. Rainfall was less than 90 mm annually and the soil in the root zone was at seawater salinity or higher at all times (6) . 
